Effects of sensitization, relative humidity RH , and chloride concentration on stress corrosion cracking SCC behaviors at low temperature in atmospheric environments were studied by using U-bend specimens of as-received cold-worked and sensitized Type 304 steels. NaCl and MgCl 2 salts were put on the specimens, and the specimens were set in the constant temperature and humidity chamber with 40 70% RH at 40 o C for 720h. The results showed that the Type 304 steel became more susceptive to SCC when increasing humidity and chloride concentration. MgCl 2 was more effective to SCC while NaCl was less effective. In the sensitized specimens, deep cracks were observed with small branches and the crack propagated through grain boundaries.
1．Introduction
Stress Corrosion Cracking SCC has been a popular dramatic failure mode for many alloy systems. SCC occurred via a combination of three critical factors: tensile stress which can be applied and/or residual , specific corrosive environment and susceptible material 1 2 .
During the past decade, the consensus has been reached SCC originating from pits of smooth samples 3 4 . The general assumption has suggested that SCC, including atmospheric induced stress corrosion cracking AISCC of austenitic stainless steels, do not occur at temperature below the critical temperature, for example, 50 o C for type 304 stainless steel 5 . This has been proven incorrectly. Tani et al. showed that trans-granular stress corrosion cracking TGSCC was measurable at the temperature of 298K but it was not clear. Whether true threshold or crack could have been seen at low temperature in longer time of experiments 6 . Recent published work of Phan and Cook et al. has produced AISCC at the temperatures as low as 40 o C in U-bend specimens of parent material from surface deposited salt particles and exposed to the humid atmosphere 7 8 .
The same study 9 performed SCC test using stainless steel U-bend specimens fabricated according to ASTM standard G30-97. SCC initiation has been observed on specimens deposited with simulated sea salt and exposed in an environmental testing chamber at several conditions of the temperature between 35 o C and 52 o C. The quantities of salt deposited on the specimen surfaces were between 0.1 and 10 g/m 2 . It has been suggested from these tests that the SCC susceptibility of the stainless steel samples was relatively influenced by the process of deliquescence and the increase of relative humidity RH . SCC cracks have been mostly propagated by inter-granular path which is more common rather than trans-granular path 10 in austenitic stainless steels. In this work, a series of test to systematically evaluate the effect of RH and concentration of chloride ion deposited on the surface of sample on SCC initiation at low temperature by using 304 austenitic stainless steels are described. 
Material and specimen
Type 304 austenitic stainless steel sheet with thickness of 0.8mm was cut into 15mmX150mm as samples. The chemical composition was given in Table 1 .
In the process of this research, flat and U-bend specimens fabricated from austenitic stainless steels were used Fig.1 . The condition of the material was characterized as as-received cold-worked and sensitized. For the sensitized condition, the treatment was conducted at 700 o C for 2 hours to accelerate the stress corrosion associated by chromium depleted at grain boundaries. U-bend specimens were prepared according to ASTM G30-97 11 .
Prior to fabrication, the metal strips were abraded to 1200 grit with silicon carbide paper and thoroughly degreased in distilled water and acetone in order to remove surface contamination. All of the specimens were inspected under a microscope at 40 times magnification to ensure that no cracks or fissures were presented prior to testing.
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Salt deposition and expose method
Six droplets of chloride salt solution NaCl or MgCl 2 were deposited on the top of U-bend specimen, with two big central and four side droplets.
The total covered area on each specimen was about 60mm 2 3.5mmφX6 droplets in approximately 60μL of applied solutions. Five different solutions of each salt were used and the detail parameters were given in Table 2 . The test specimens with salts were exposed in the environment chamber with the relative humidity between 40 RH and 70 RH at 40˚C for 1 month.
the test chamber with various RH at 40 o C. As expected, the results in Table 3 shows that the asreceived specimens were less susceptible to SCC than the sensitized specimens. In addition, the corrosion associated with the MgCl 2 droplets appeared more severe than that with the NaCl droplets. It could be explained that the NaCl droplets were less hygroscopic than the MgCl 2 droplets which showed the equilibration of the NaCl deliquescence brine with the high humidity environment in the test chamber.
For the as-received specimens deposited with NaCl solution, the surfaces of the samples were left shiny with no visible corrosion products. On the contrar y, shallow pits were obser ved on the surface of the samples with MgCl 2 solution. The pit depths increased with the increasing of relative humidity and amount of deposited salt. At 70 of relative humidity and high concentration of chloride ion > 115 gCl /m 2 , the pit depths were more than 30μm but no SCC initiation was observed Fig. 2 . For sensitized specimens, pit initiation was recognized Fig. 1 The flat a and U-bend b testing sample 
Optical and scanning electron microscopy
After the test finished, the samples were washed in distilled water to remove the remaining salt and any loose corrosion products, and then a final cleaning was applied using acetone and air drying.
Morphology of the examined specimens were firstly obser ved by means of microscope Keyence VR 3000 with 40 and 160 times magnification and the pit depths were measured. Scanning electron microscopy Hitachi Miniscope 1000 image was used to identify the crack. As crevice-like corrosion attacks, grain boundary corrosion and SCC were detected. Line-like attacks were determined as same as SCC because the cracking mouth was ended after releasing the stress. The chemical analysis was carried out by energy dispersive spectroscopy Hitachi 8200 . 
Flat sample with chloride deposits
Flat samples with the as-received and sensitized conditions with various amounts of salts were exposed in Table 3 Summarized of corrosion behaviors of flat samples on sensitized specimens with MgCl 2 solution in all tested humidity conditions Fig. 3 . After sensitization at 700 o C for 2h, SEM image of the cross section of sensitized specimens showed the chromium depletion due to chromium carbide precipitation at grain boundary Fig.4 . Pitting was the outcome of the local breakdown of the passive film that formed on the surface of stainless steel. When the pit grew into the microstructure, they could be restricted to impair grain boundar y regions and lead to inter-granular corrosion. The expansion of pit size on the sur face of sensitized flat samples increased with the increasing of RH Fig. 3 . At high humidity environment 70 RH , the pit was deeper than critical depth >40μ m , and the crack appeared to grow out of the edge of the pit 12 . The occurrence of the crack could be explained by the residual stress on the sur face of sample with sensitization and/or polish, and the crack propagated through grain boundaries Fig. 5 . Line-like attacks expanding from corrosion regions, pit or grain boundary corrosion, were also determined as SCC IGC .
Stress corrosion cracking test with U-bend specimens
Following the period of flat exposed samples, the effects of Cl ion on SCC behavior at various humidity conditions were investigated and the SCC experimental results were listed in Table 4 .
For the as-received U-bend sample, pit initiation was observed in the specimens with MgCl 2 solution while no rust was found for the specimens with NaCl solution. At high humidity 60 and 70 of RH and the concentration of chloride ion more than 34.4 gCl /m 2 , the crack initiation was observed from a pit in the MgCl 2 deposited specimens. Table 4 Summarized of corrosion behaviors of U-bend samples Furthermore, the inter-granular SCC crack occurred on the surface of as-received U-bend sample at low relative humidity 40 of RH, presented in Fig. 6 and Fig. 7 . The solution layer at the low humidity was thinner than that at high humidity, and thus the concentration of Cl ion become ver y high 13 . Moreover, the electrode potential increased because the dissolved oxygen could easily reach to the surface of the material 14 . It was the combination of high concentration of chloride ion in the test solution and the high electrode potential on the surface of samples that the SCC initiation was observed and the crack appeared to grow from pit to pit on the specimen surfaces. Fig. 7 illustrated that SCC crack not only grew out around the nozzle of the pit but also developed from the bottom of the pit.
To the U-bend specimens in the sensitized condition with NaCl deposited, the pit was occurred on the surface of specimens at the concentration of chloride ion over than 20 gCl /m 2 , and relative humidity at lowest 40 and highest 70
RH. The concentration of chloride ion and sensitization of material will affect simultaneously to SCC initiation, followed by the small crack observed from the pit on the specimen surface.
Similar to as-received specimens with MgCl 2 solution, the existence of pits and SCC cracks could be confirmed on the sensitized specimens placed in chamber at low humidity 40 and 50 of RH .
Based on the SCC test of sensitized U-bend specimens with MgCl 2 solution, due to the increase of chloride ion concentration and RH, not only the pit number but also the pit depth were accelerated Fig. 8 . In this case, the cathodic current rose with the increase of water film thickness because of high relative humidity, consequently, pits initiate and expand easily. After increasing the relative humidity up to 70 RH, the pit depth on the sensitized samples was more than 40μm and the crack was observed from the pit 12 . The SEM images confirmed that the crack mostly propagated by an inter-granular path Fig. 9 .
4．Conclusion
The experimental investigation allows to conclude as below: 1 The sensitized material with chromium -depleted grain boundaries is most susceptible to SCC. The SCC severity is greater for U-bend samples. 2 The inter-granular SCC crack is observed on the surface of as-received U-bend sample at low relative humidity and low temperature 40 of RH and 40 o C .
3 SCC susceptibility is promoted with the increase of relative humidity at low temperature. 4 MgCl 2 solution is more effective to SCC than NaCl solution. 5 SCC initiation is obser ved on sensitized specimens with MgCl 2 solution droplets and the crack extents with the increase of deposited salt. The pit depth is up to the critical SCC depth and the crack propagates by an inter-granular path.
